Background: Aim of the study was to compare the quality of loop excision using a colposcope with results using the VITOM system. Results
compared included cervical volume removed, intra-and postoperative complications, and positive resection margins. Methods: A total of 200 patients with histologically confirmed high-grade cervical premalignant lesions, persistent atypical cytological results and/or suspicious colposcopic findings, and cytological and histological discrepancies were included in the study. In transformation zone type 1 (T1) only a superficial cone biopsy was done, in zones type 2 and 3 (T2 and T3) a superficial outside cone biopsy or a deeper inside cone biopsy were done respectively, followed by endocervical curettage. Volume of removed tissue, complications, and positive resection margins were compared for the colposcopy and the VI-TOM groups. Findings: Demographic and reproductive features were similar between groups. In the VITOM group 49 % of patients had zone T1, 30 % had zone T2, and 21 % had zone T3. In the group of patients managed by colposcopy, 48, 45, and 7% of patients had zone T1, T2 and T3 zone, respectively (p < 0.01). A "top hat" procedure was done in 65 % of patients in the VITOM group and in 38% of patients in the colposcopy group (p < 0.05). Mean volume of removed cervical tissue measured was similar, with 1.2 cm 3 measured in the VITOM group and 1.14 cm 3 in the colposcopy group (p > 0.05). There were no significant differences in the type of procedure or the mean volume of removed tissue. Results were similar for both groups with respect to positive resection margins and complications. Conclusion: VITOM is a safe and reliable system. Results using the VITOM system are comparable to those obtained with conventional colposcopy. 
Zusammenfassung

Prospective Comparison of Loop Excision under Colposcopic Guidance versus Vitom Guidance
Prospektiver Vergleich der Schlingenkonisation (LEEP) unter kolposkopischer versus VITOM-Kontrolle Introduction ! Loop electrosurgical excision procedure (LEEP) is a common procedure to treat and manage high-grade cervical premalignant lesions (CIN II-III). LEEP is done using a colposcope. Tissue resection using magnification allows resection to be done with sound margins and with preservation of healthy tissue as a prerequisite for maintaining the reproductive function of the cervix. Although magnified assisted loop excision is an ideal choice for patients who wish to have children, it is not the standard surgical approach [1] [2] [3] [4] [5] . We previously reported on our initial experience using a novel highdefinition (HD) video exoscopic system (VITOM ® ) consisting of a laparoscope, an HD camera, high-quality optics, and a light source to evaluate premalignant lesions in the lower genital tract under magnification and discussed the systemʼs accuracy and good correlation to histological findings in high-grade lesions [6] . To offer the majority of women with high-grade cervical intraepithelial neoplasias (CIN) tissue-preserving surgery, we want to integrate the VITOM ® system in daily practice. Most gynaecologists who perform conisations are also experienced in laparoscopy and have a laparoscopic surgical unit available. In contrast, colposcopes are not installed in the majority of operating theatres in Germany. The use of laparoscopic equipment for conisation procedures could improve the quality of conisations and, thus, be beneficial for womenʼs health. We prospectively studied whether VITOM ® could be used in the operating theatre for conisation procedures and LEEP. The primary aim of our study was to compare the quality of loop excisions using a colposcope and those done using the VITOM ® system with respect to cervical volumes removed, intra-and postoperative complications, and positive resections margins.
Methods
!
Participants
Women referred to the Charité Cervix Centre, Charité University, Berlin, Germany and to the Colposcopy Clinic Wagner Stibbe, Bad Münder, Germany, between July 2010 and April 2011 were prospectively included into the study. Patient age ranged from 18 to 80 years old, and patients were included irrespective of any history of previous cervical surgeries or pregnancy. All patients had histologically confirmed CIN II-III, persistent atypical cytological results and/or suspicious colposcopic findings, and cytological and histological discrepancies. Exclusion criteria were previous or current neoplasia, radiotherapy of the pelvis, severe concomitant internal disease, psychiatric disease, HIV infection, and drug usage. 100 patients were prospectively recruited in the Charité Cervix Cancer Centre, Charité University, Berlin, Germany, and underwent LEEP excision under VITOM ® guidance; another 100 patients prospectively recruited in the Colposcopy Clinic Wagner Stibbe, Bad Münder, Germany underwent LEEP excision under colposcopic guidance. Recruitment took place between July 2010 and April 2011 in both centres, and written consent to the study was obtained for every patient at the time of the first visit and prior to the excision procedure.
Both centres used a common prospective study protocol which was approved by the institutional review board of Charité University.
Measurement
In transformation zone (TZ) type 1 (T1) only a superficial cone biopsy was performed. A "top hat" LEEP is a procedure that involves two loop excisions: a conventional superficial LEEP followed by a second excision of the residual endocervix using a smaller-diameter loop. In TZ type 2 or 3 (T2 and T3) a superficial outside cone biopsy and a deeper inside cone biopsy (top hat procedure) were performed, followed by endocervical curettage. The volume of removed tissue was measured by volumetry based on the Archimedes principle. We estimated that volumes of removed tissue ranged from 0.5 to 1.5 cm 3 . A rough estimate thus assumed a mean of 1.0 cm 3 with a standard variation of 0.25 cm 3 . Assuming a dispersion of 0.25 cm 3 , the mean removed volume could be determined with a precision of ± 0.05 (half the length of the bilateral 95 % CI) with a total number of 100 patients in each group.
Procedures
We used a Carl Zeiss colposcope with a magnification of between 4 × to 20 × and a green filter. Video exocolposcopy was done with the VITOM ® system, consisting of the VITOM ® scope, xenon light source, HD camera system, AIDA HD documentation system, 1 monitor, and mechanical support arm (all Karl Storz, Tuttlingen, Germany). The 3-chip HD camera head has a resolution of 1920 × 1080 pixels (full HD, progressive scan) and a frame rate of 50 frames oz. Camera images are displayed on the 26-inch HD monitor. Luminance of the monitor is 400 cd/m 2 . The optic is held by a mechanical holding arm. Documentation was done using the AIDA HD documentation system. A Graves speculum was inserted to expose the vagina and cervix, and a smoke plume evacuator was used in all operations. Magnification was provided during all procedures either by the colposcope or the VITOM system. First, the cervix was inspected after application of 5 % acetic acid and 3% iodine solution. The working distance of the colposcope is about 30 cm from the surgical site, while the operating range of the VITOM ® varies from 30 to 60 cm. An electrosurgical generator (Erbe, Tuttlingen, Germany) and cutting loops with diameters between 5 and 25 mm were used.
Statistical analysis
Descriptive statistics were used to assess the frequencies in samples. Univariate analysis of categorical variables was done using the chi-square test (χ 2 ) or Fisherʼs exact test to test for significance of association of frequency data. It was also used to analyse whether the distribution between categories of one variable was independent of the distribution between categories of the other, i.e., to assess the differences in frequencies between categorical variables. Differences between the two groups (VITOM ® vs. Colposcopy) were compared using used t-tests. All statistical analyses were performed using PASW 18 (Predictive Analytics Software, SPSS Inc., Chicago, IL, USA). The level of significance was set at p ≤ 0.05.
The potential advantage of VITOM is the broader availability of endoscopic systems in the operating theatre.
Ergebnisse sind mit der klassischen kolposkopischen Methode, die den Goldstandard darstellt, vergleichbar. Ein möglicher Vorteile von VITOM ® ist die größere Verfügbarkeit von endoskopischen Systemen in OP-Bereichen.
Results
!
A total of 200 women were included in the present study. In the VITOM ® group, 62 patients had histologically confirmed CIN II-III, 34 patients had persistent positive cytology and/or suspicious colposcopy findings, 2 patients had persistent CIN I, and 2 patients had contact bleeding: the latter patients explicitly requested conisation. In the colposcopy group 70 patients had histologically confirmed CIN II-III, 30 patients had persistent positive cytology and/or suspicious colposcopy findings. Mean age of patients in the VITOM ® group was 34.7 years (range: 18-60 years), and 33.3 years (range: 18-72 years) in the colposcopy group. In the VITOM ® group 88 patients were premenopausal and 12 were postmenopausal; 76 patients wished to have children. In the colposcopy group 98 patients were premenopausal and 2 postmenopausal: 77 patients wished to have children. One patient in the VITOM ® group was pregnant and 6 had a history of previous cervical surgery (either conisation or trachelectomy). In the colposcopy group no patient had undergone previous surgery and no patient was pregnant (l " Table 1 ). In the VITOM ® group the squamocolumnar junction (SCJ) was visible in 49 patients, partly visible in 30 patients, and not visible in 21 patients. In the colposcopy group the SCJ was fully visible in 48 patients, partly visible in 45 and not visible in 7 patients. A pregnant patient in the VITOM ® group had strong bleeding intraoperatively. Two patients in the VITOM ® group had bleeding 2 weeks postoperatively. Eleven patients in the VITOM ® group had positive margins. There were no complications in the colposcopy group; resection margins were positive in 8 patients.
A "top hat" procedure was performed in 65 % of patients of the VITOM ® group and in 38 % of patients in the colposcopy group (p < 0.05). However, mean removed cervical volumes were similar in both groups, with 1.2 cm 3 in the VITOM ® group and 1.14 cm 3 in the colposcopy group (p > 0.05). There were no significant differences between the type of procedure and the mean volume of tissue removed (l " Table 2 ).
Discussion
!
We compared the quality of excisions of cervical premalignant disease under magnification done using a colposcope with those done using the VITOM ® system with respect to intra-and postoperative complications, positive resection margins, and cervical volume of removed tissue. The study populations in both groups were similar, however there was a significantly larger number of T3 zones in the VITOM ® group (21% of patients vs. 7% in the colposcopy group), probably due to the fact that a higher number of women in this group were menopausal and they had also had previous surgery of the cervix uteri. This difference could theoretically have led to a not negligible difference between VITOM ® and colposcopy findings with regard to their ability to evaluate cervical lesions. Exocolposcopy with the VITOM ® system is accurate and shows a good correlation with histological findings in high-grade cervical disease [6] , hence we assumed that this difference did not cause any real bias in the evaluation of cervical lesions during surgery. This difference in T3 zones between the two groups could also explain the different rates of "top hat" procedures in the two groups (65 % of patients in the VITOM ® group vs. 38% in the colposcopy group). The volume of removed cervical tissue was similar in the two groups: 1.2 cm 3 in the VITOM ® group vs. 1.14 cm 3 in the colposcopy group. However, since the etiopathogenesis of preterm birth after excisional cervical procedure for CIN II-III is not known but the rate is increased compared to the general population, a possible negative role cannot be ruled out. Use of an additional loop excision can also inhibit pathological evaluation of the resected specimen; however in our series, the number of positive margins was similar for both groups. Resection margin positivity is a significant prognostic factor for recurrence after LEEP. Rates of positive resection margins are reported to be between 11-30 % and between 40-80 % for squamous dysplasia and adenocarcinoma, respectively [7] . The rate of positive or thermally altered cervical margins varies widely in different series, with a reported average rate of 15 % [8] [9] [10] . In our study, positive margins were found in 8 and 12% of patients in the colposcopy and VITOM groups, respectively (p > 0.05). However, VITOM and colposcopy procedures were performed in different clinics, which might introduce a bias. Historically, excisional cervical procedures are not performed with colposcopic assistance in Germany, even though Professor Hinselmann, the inventor of the colposcope, was a German. According to unpublished data from major German health insurance companies, around 50% of excisional cervical procedures are done on an outpatient basis in private practices. The majority of these doctors do not use any kind of magnifying aid during the surgery. Rates of both intra-and postoperative LEEP complications do not vary much between the different studies reported [11] . The perioperative rate of complications is reported to be 7-11 % [12] . In our study, the perioperative complication rate was lower than that in the literature. There was one case of intraoperative bleeding and 2 cases of postoperative bleeding. In the literature, the rates of intraoperative and late postoperative bleeding are given as 3.4 and 4.9 %, respectively [13] . Although the complication rate did not differ significantly between the study groups, the complication rate was higher in the VITOM group. This may be due to the higher rate of "top hat" procedures and of pregnancy in the VITOM group [12] . As the colposcope is nothing more than an operating microscope, the question could arise whether there is any real advantage of using the VITOM ® system, or whether it is just one more piece of equipment in the operating room? We do not suggest any changes to state-of-the-art excisional cervical procedures for CIN II-III: we consider the colposcope to be an excellent tool in experienced hands. Surgeons familiar with colposcope-guided excisional procedures for CIN II-III should not turn to other techniques and abandon their expertise. However, we support use of the VITOM ® system for the still large number of gynaecologists who still perform this procedure without magnification aids. The majority of gynaecologists have a laparoscopic unit, and in these cases addition of the VITOM ® system would be very easy. Moreover, the VITOM ® system has a very short learning curve since gynaecologists are trained to perform laparoscopic surgery and are used to translating two-dimensional data into three-dimensional anatomical structures, making implementation of the system unproblematic in daily practice. This could lead to a reduction in the volume of healthy cervical tissue removed unnecessarily in young women with CIN II-III wishing to have children, and result in an improvement of wom-enʼs health. Further randomized controlled studies are needed to evaluate the use of VITOM ® guided exocolposcopy to achieve better obstetrical outcomes in women undergoing excisional therapy for cervical premalignant lesions.
